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(54) Motor having speed reduction device 

(57) In a motor having a motor body (2) and a speed 
reduction devise (3) composed of gear housing (21), a 
worm wheel (24), worm shaft (28) with a worm (28a), 
and first and second bearings (22a&22b) rotatably sup- 
porting the worm shaft on opposite sides of the worm, 



the first bearing on a side of the motor body inclines a 
given angle to a bending side of the worm shaft, when 
the worm shaft is bent by an overload transmitted there- 
to via the worm wheel. 

Accordingly, a locally concentrated frictional wear of the 
bearing is reduced. 



FIG. 1 
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Description 

[0001] The present invention relates to amotor, in par- 
ticular, a motor having a worm and a worm wheel for 
speed reduction (speed reduction device), which is ap- 
plicable to a power window or a sunroof. 
[0002] Conventionally, a motor to be used in a power 
window system has a motor body and a speed reduction 
device. The speed reduction device has a gear housing 
in which a worm shaft coupled coaxially with a motor 
shaft of the motor body and a worm wheel in mesh with 
a worm formed in the worm shaft are housed. Opposite 
ends of the worm shaft are rotatably held by bearings 
fixed in the gear housing. 

[0003] When the motor shaft is driven to rotate, the 
worm shaft rotates along with the rotation of the motor 
shaft so that worm wheel rotates at a lower speed and 
with a higher torque than the worm shaft. Accordingly, 
an output shaft connected to the worm wheel rotates to 
transmit its rotational force to an outside load. Such a 
motor is applicable not only to the power window system 
but also the other various systems in which the output 
shaft rotates at a low speed and with a high torque. 
[0004] However, when an overload is applied to the 
output shaft during the rotation of the motor, the worm 
shaft receives a large bending force in a perpendicular 
direction thereto (in an opposite direction to a position 
where the worm wheel is located). Therefore, the bend- 
ing force together with a rotating force transmitted from 
the motor shaft causes the worm shaft to bend. Accord- 
ingly, the conventional motor has a drawback that locally 
concentrated frictional wear is likely to occur in the bear- 
ings rotatably holding the worm shaft or the gear hous- 
ing made of resin is likely to deform, resulting in reducing 
a motor efficiency and generating noises. 
[0005] An object of the invention is to provide a motor 
in which local frictional wear of bearings rotatably hold- 
ing the worm shaft and deformation of a gear housing 
are limited. 

[0006] To achieve the above objects, a motor has a 
speed reduction devise composed of gear housing, a 
worm wheel, a worm shaft with a worm, and first and 
second bearings rotatably supporting the worm shaft on 
opposite sides of the worm. With the motor mentioned 
above, when the worm shaft is bent by an overload 
transmitted thereto via the worm wheel, an axial inner 
surface of the first bearing maintains an axially wide- 
spreading face contact with the worm shaft in a manner 
that the first bearing inclines a given angle toward a 
bending side of the worm shaft to follow the bending of 
the worm shaft or in a mannerthat the axial inner surface 
of the first bearing is formed in a shape of approximately 
following a bending shape of the worm shaft and actually 
contacts the worm shaft at positions more extending ax- 
ially toward the worm. 

[0007] It is preferable that the gear housing has a 
bearing holding portion protruding outwardly therefrom 
to an extent that the bearing holding portion readily in- 



clines along with the first bearing fixed thereto in order 
to follow the bending of the worm shaft. 
[0008] Further preferably, the first bearing is provided 
with a first cylindrical inner circumferential portionwhose 
5 inner diameter is axially constant and a first tapered in- 
ner circumferential portion axially adjacent to the first 
cylindrical inner circumferential portion on a side of the 
worm, an inner diameter of the first tapered inner cir- 
cumferential portion is larger toward an opposite side to 
10 the first cylindrical inner circumferential portion. In the 
motor having the first bearing mentioned above, the ax- 
ial inner surface of the first bearing actually in contact 
with the worm shaft is normally the first cylindrical inner 
circumferential portion and, when the worm shaft is bent 
15 by a given amount, extends up to at least a part of the 
first tapered inner circumferential portion. 
[0009] It is preferable that the second bearing has al- 
so a second cylindrical inner circumferential portion and 
a second tapered inner circumferential portion whose 
20 constructions are same as those of the first bearing. The 
First and second tapered inner circumferential portion 
are arranged to face each other on opposite sides of the 
worm. Therefore, the respective axial inner surfaces of 
the first and second bearings are formed in a shape of 
25 approximately following the bending shape of the worm 
shaft and actually contact the worm shaft at positions 
more extending axially toward the worm, when the worm 
shaft is bent. 

[0010] Other features and advantages of the present 
30 invention will be appreciated, as well as methods of op- 
eration and the function of the related parts , from a study 
of the following detailed description, the appended 
claims, and the drawings, all of which form a part of this 
application. In the drawings: 

35 

Fig. 1 is a cross sectional view showing a motor ac- 
cording to a first embodiment of the present inven- 
tion; 

Fig. 2 is a partly enlarged cross sectional view of 

40 the motor of Fig. 1; 

Fig. 3 is exploded perspective views of a clutch ac- 
cording to the first embodiment; 
Fig. 4 is a plan view of a gear housing according to 
the first embodiment; 

45 Fig. 5 is a cross sectional view taken along a line V- 
V of Fig. 2; 

Fig. 6 is another cross sectional view taken along a 
line V-V of Fig. 2; 

Fig. 7 is a further cross sectional view taken along 
so a line V-V of Fig. 2; 

Fig. 8 is a cross sectional view showing a motor ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 9 is a plan view of a gear housing according to 
55 the second embodiment. 

Fig. 10 is a partly enlarged cross sectional view of 
the motor of Fig. 8; 

Fig. 1 1 is exploded perspective views of a clutch ac- 
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cording to the second embodiment; 

Fig. 12 is a cross sectional partial view of the clutch 

of Fig. 1 1 ; 

Fig. 13A is another cross sectional partial view of 
the clutch of Fig. 1 1 ; 

Fig. 13B is a further cross sectional partial view of 
the clutch of Fig. 11; 

Fig. 14 is a cross sectional view showing a motor 
according to a third embodiment of the present in- 
vention; 

Fig. 15 is a partly enlarged cross sectional view of 
the motor of Fig. 14; 

Fig. 16 is a cross sectional view of a first bearing 

according to the third embodiment; 

Fig. 17 is a partially enlarged cross sectional view 

of the first bearing of Fig. 1 6; 

Fig. 18 is a cross sectional view taken along a line 

X VIII— X VIII of Fig. 16; 

Fig. 1 9 is a cross sectional view of a second bearing 
according to the third embodiment; and 
Fig. 20 is a partially enlarged cross sectional view 
of the second bearing of Fig. 19. 

(First embodiment) 

[001 1] A motor applicable to a power window system 
is described with reference to Figs. 1 to 7. A motor 1 is 
composed of a partly flat-cylindrical motor body 2, a 
speed deduction device 3 and a clutch C (refer to Fig. 2) 
[0012] As shown in Fig. 1 , the motor body 2 is com- 
posed of a yoke housing 4 (hereinafter called a yoke), 
a pair of magnets 5, a motor shaft 6, an armature 7, a 
commutator 8, resin brush holders 9 and a pair of brush- 
es 1 0 for power supply. 

[0013] The yoke 4 is formed in such shape as a partly 
flat cylinder having a bottom. The respectivemagnets 5 
are fixed to face each other to longitudinally opposite 
inner surfaces of the yoke 4 in a cross section perpen- 
dicular to an axis thereof. The bottom of the yoke 4 holds 
a base end of the motor shaft 6 rotating in an axis of the 
yoke 6. As shown in Fig. 2, a front end of the motor shaft 
6 is provided with a coupling projection 6a having two 
flat surfaces in parallel to each other. 
[0014] The armature 7 is fixed to a middle part of the 
motor shaft 6 at a position corresponding to the positions 
of the magnets 5. The commutator 8 is fixed to the motor 
shaft on an front end side thereof with respect to the 
armature. 

[0015] An opening end of the yoke 4 is provided with 
flanges 4a each extending longitudinally and outwardly 
in a cross section perpendicular to the axis thereof. 
Holes 4b and 4c for positioning are formed in the respec- 
tive flanges 4a. 

[0016] The brush holder 9 is fitted and fixed to the 
opening end of the yoke 4. The brush holder 9 has a i 
holder body 9a whose shape corresponds to that of the 
opening end of the yoke 4 so as to cover substantially 
the opening end thereof and a connector 9b protruding 



outwardly in a radial direction of the motor shaft 6 from 
one of the flanges 4a (on a left side in Fig. 1 ). The brush- 
es 10, which are connected in circuit with the connector 
9b by wires (not shown), are arranged on the holder 
5 body 9a on an inner side of the yoke 4. The holder body 
9a is provided in a near center thereof with a bearing 
11, which rotatably holds the motor shaft 6 on a front 
end side thereof. 

[0017] The brushes 1 0 are arranged at positions cor- 
io responding to that of the commutator 8 and contact the 
commutator 8. Current is supplied to coil wires wound 
on the armature 7 via the connector 9b, the brushes 10 
and the commutator 8 from a control device (outside 
power source), which is not shown, so that the armature, 
'5 that is, the motor shaft 6 of the motor body 2 is driven 
to rotate. 

[0018] The speed reduction device 3 is composed of 
a resin gear housing 21 , first and second bearings 22a 
and 22b, a worm member 23, a warm wheel 24 and an 

20 output shaft 25. 

[0019] An end of the gear housing 21 (on an upper 
side in Fig. 1 and hereinafter called an upper end there- 
of) is formed in a partly flat-cylinder shape (nearly rec- 
tangular shape) corresponding to that of the opening 

25 end of the yoke 4 and fixed to the motor body 2. As 
shown in Fig. 3, the gear housing 21 is provided at the 
upper end thereof with a recess 21 a into which the hold- 
er body 9a of the brush holder 9 is fitted. The upper.end 
of the gear housing 21 is further provided at positions 

30 corresponding to those of the holes 4b and 4c for posi- 
tioning with projections 21b and 21c that are fitted into 
the holes 4b and 4c, respectively. The gear housing 21 
is fastened to the yoke by screws (not shown) in a state 
that the projections 21b and 21c are inserted into the 

35 holes 4b and 4c and the holder body 9a is fitted into the 
recess 21a. 

[0020] The gear housing 21 is provided with a long 
recess 21 f extending longitudinally in opposite direc- 
tions from a bottom center of the recess 21a. Further, 
the gear housing 21 is provided with a circular shaped 
clutch housing recess 21 g extending radially from a bot- 
tom center of the long recess 21 f, and with a worm shaft 
housing recess 21 h (refer to Fig .2) extending in an axial 
direction of the motor shaft 6 from a bottom center of the 
5 clutch housing recess 21 g. Furthermore, the gear hous- 
ing 21 is provided a wheel housing recess 21 i that com- 
municates with a middle portion of the worm shaft hous- 
ing recess 21 h in a perpendicular direction to an axis 
thereof (on a right side in Fig. 1). 
o [0021] A ring shaped flange fitting recess 21 j is 
formed at an opening portion of the clutch housing re- 
cess 21g. Engaging recesses 21k, which extend in a 
longitudinal direction of the clutch housing recess 21 g, 
are formed continuously at longitudinally opposite ends 
5 of the dutch housing recess 21 g. 

[0022] Two basement seats 21 m are formed on a bot- 
tom of the long recess 21 f. Each of the basement seats 
21 m is arranged around each of the engaging recesses 
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21 . That is, the basement seat 21 m has a wall continu- 
ous to a wall of the engaging recess 21 k and is formed 
near in a letter lateral U shape. Column shaped engag- 
ing projections 21 n are formed on each upper surface 
of the basement seats 21m on transversely opposite 
ends thereof. 

[0023] As shown in Fig. 2, a cylindrical bearing hold- 
ing portion 21 p, which may relatively easily bend in a 
perpendicular direction of an axis thereof, is formed so 
as to protrude axially from a bottom of the clutch housing 
recess 21 g nearly until an axial middle portion thereof. 
An inner diameter of the bearing holding portion 21p is 
larger than a diameter of the worm shaft housing recess 
21 h and an outer diameter thereof is smaller than an 
inner diameter of the clutch housing recess 21 g. The 
bearing holding portion 21 p is provided on an outer cir- 
cumferential surface on a base side thereof with 8 piec- 
es of ribs 21 q, which are arranged with at 45 Q constant 
angular intervals and connected with an inner surface 
of the clutch housing recess 21 g. Each size of the ribs 
21 q is so decided that a bending amount of the bearing 
holding portion 21 p in a perpendicular direction to an 
axis thereof shows a predetermined value relative to a 
given value of bending load applied thereto. 
[0024] The first and second bearings 22a and 22b, 
which are cylindrical metal bearings, are fitted into the 
bearing holding portion 21 p and into a bottom sidewall 
of the worm shaft housing recess 21 h (lower side of Fig. 
1), respectively. An inner diameter of the first bearing 
22a is smaller than that of the warm shaft housing re- 
cess 21 h. 

[0025] The worm member 23, which is made of metal, 
is composed of a worm shaft 28 and a driven rotor 29 
formed integrally with the worm shaft on a side of the 
motor body 2 (refer to Fig . 3). The worm shaft 28 is pro- 
vided on a middle part thereof with a worm 28a and is 
housed in the worm housing recess 21 h. Opposite ends 
of the worm shaft 28 are rotatably held by the first and 
second bearings 22a and 22b. 

[0026] The worm wheel 24 is in mesh with the worm 
28a and housed in the wheel housing recess 21 1 so as 
to rotate in an axial center thereof perpendicular to the 
worm shaft 28 (in a perpendicular direction to the draw- 
ing of Fig. 1). The output shaft 25 is connected to the 
worm wheel 24 so as to rotate coaxially with the worm 
wheel 24. The output shaft 25 is linked via a regulator 
(not shown) with a wind glass (not shown). 
[0027] The motor shaft 6 is coupled via the clutch C 
with the worm shaft 28. The clutch C, as shown in Figs. 
2 and 3, has the driven rotor 29, a collar 31 , a plurality 
of (3) rollers 32, a support element 33, a stopper 34, a 
drive rotor 35 and a ball 36. The collar 31 is composed 
of a cylindrical outer ring 31a, a flange 31b extending 
radially and outwardly from an end (upper end in Fig. 2) 
of the outer ring 31 a and a pair of engagement portions 
31c extending radially and outwardly further from the 
flange portion 31b at 180 0 angular intervals. 
[0028] The outer ring 31 a of the collar 31 is fitted into 



the clutch housing recess 21 g and the flange portion 31b 
thereof is fitted into the flange fitting recess 21 j. The col- 
lar 31 is prevented from rotating since the engagement 
portions are fitted to the engaging recesses 21k. Anoth- 

5 er end (lower end in Fig. 2) of the outer ring 31 a is fitted 
to reach a position near a front end (upper end in Fig. 
2) of the bearing holding portion 21 p and not to interfere 
the bending of the bearing holding portion 21 p. The driv- 
en rotor 29 is arranged inside the outer ring 31 a. 

10 [0029] As shown in Fig. 3, the driven rotor 29 has a 
shaft portion 29a extending coaxially from a base por- 
tion of the worm shaft 28 toward the motor body 2 (to- 
ward the motor shaft 6) and 3 pieces of engaging pro- 
jections 29b extending radially and outwardly from the 

15 shaft portion 29a at 120 ° constant angular intervals. 
Each circumferential width of the engaging projections 
29b becomes wider in a radially outward direction. A ra- 
dial outer surface of the engaging projection 29b consti- 
tutes a control surface 41 . A radial distance between an 

20 inner circumferential surface 31 d of the outer ring 31a 
and the control surface 41 varies in a rotating direction. 
The control surface 41 is a flat surface, the radial dis- 
tance from which to the inner circumferential surface 
31 d is shorter toward an end of the driven rotor 29 in a 

25 rotating direction. As shown in Figs. 2 and 3, a round 
hole 29c is provided in an axial center of the shaft portion 
29a on a side of the motor body 2 (motor shaft 6). The 
driven rotor 29, as shown in Fig. 3, is provided with ribs 
29d for reinforcing the engaging projections 29b. The 

30 ribs 29d are formed to link circumferential side surfaces 
of the engaging projections 29b at leading ends thereof 
on a side of the worm shaft 28 and adjacent circumfer- 
entially to each other. 

[0030] The rollers 32, which are metal and formed in 
35 a near column shape, are arranged between the control 
surface 41 and the inner circumferential surface 31 d. 
Each diameter of the rollers 32 is smaller than a distance 
between a center 41 a of the control surface 41 (middle 
part in a rotating direction) and the inner circumferential 
40 surface 31 d of the outer ring 31a and is larger than a 
distance between an end 41b or 41c of the control sur- 
face 41 (end part in a rotating direction) and the inner 
circumferential surface 31 d of the outer ring 31a. That 
is, the distance of the roller 32 is equal to a distance 
45 between a middle 41 d of a portion, which bridges the 
center 41 a and the end 41 b or 41 c of the control surface 
41 , and the inner circumferential surface 31 d of the outer 
ring 31a. 

[0031] A resin supporting element 33 holds rotatably 
so the rollers 32 arranged substantially in parallel to each 
other at constant intervals. As shown in Figs. 2 and 3, 
the supporting elements 33 is composed of a ring por- 
tion 33a, 3 inner extending portions 33b, 3 pairs of roller 
supports 33c and 3 connecting portions 33d. Diameter 
55 of the ring portion 33a is largerthan that of the outer ring 
31a. The 3 inner extending portions 33b are provided in 
a radially inside circumference of the ring portion 33a at 
constant angular intervals. Each pair of the roller sup- 
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ports 33c extends axially from circumferentially inside 
and opposite ends of each of the inner extending por- 
tions 33b. Each of the connecting portions 33d is formed 
in an arc shape to connect the roller supports 33c adja- 
cent to each other. Further, the each pair of the roller 5 
supports 33c is provided at leading ends thereof with 
retainers 33e facing each other in a circumferential di- 
rection. Each of the rollers 32 is held not to move in axial 
and circumferential directions of the ring portion 33a by 
the each pair of the roller supports 33c, each of the inner 10 
extending portions 33b and each pair of retainers 33e. 
The supporting element 33, which holds the rollers 32, 
is assembled to the collar 31 in such a manner that each 
of the roller supports 33c is inserted into an inside of the 
outer ring 31a, while the rollers 32 are held between the *5 
control surface 41 and the inner circumferential surface 
31 d, and the ring portion 33a puts on and comes in con- 
tact with the flange 31b. 

[0032] A stopper 34 is made of a metal sheet having 
even thickness. The stopper 34 has a ring shaped con- 20 
tacting portion 34a whose diameter is almost equal to 
that of the ring portion 33a of the support element 33 
and extending portions extending radially and outwardly 
from the contacting portion 34a at 180 0 angular inter- 
vals. As shown in Fig. 2, outer and inner diameters of 25 
the contacting portion 34a are equal to those of the outer 
ring 31 a. Each of the extending portions 34b is provided 
with fixing portions 34c to correspond to the engaging 
projections 21 n of the gear housing 21 so that the fixing 
portions are arranged at four corners of the stopper 34. 30 
The stopper 34 is fixed to the gear housing by fitting the 
engaging projections 21 n into the fixing portions 34c. 
The contacting portion 34a of the stopper 34 is arranged 
on an upper surface (upper side in Fig. 1) of the ring 
portion 33a. As the ring portion 33a of the support ele- 35 
ment 33 contacts the contacting portion 34a, the stopper 
34, together with the support element 33, serves to re- 
strict each axial movement of the rollers 32. 
[0033] As shown in figs. 2 and 3, each of the extending 
portions 34b is provided at a near center thereof with a 40 
restricting portion 34d, which is formed by cutting and 
bending a part of the extending portion 34b. Each end 
of the restricting portions contacts each engagement 
portions 31 c of the collar 31 so that an axial movement 
of the collar is restricted. 45 
[0034] The drive rotor 35, which is made of resin, has 
a shaft portion 35a, a disk portion 35b whose diameter 
is larger than that of the shaft portion 35a, and an ex- 
tending portion 35c extending axially from an axial cent- 
er of the disk portion 35b. The drive rotor 35 is provided so 
with a ball housing recess 35d extending from an end 
of the extending portion 35c until a middle of the disk 
portion 35b. A wall of the ball housing recess 35d per- 
pendicular to an axis thereof is formed in a spherical 
shape. A ball 36 is held in the ball housing recess 35d 55 
in a state that a part of the ball 36 exposes out of the 
end of the extending portion 35c. 
[0035] The drive rotor35 is provided at an axial center 
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thereof with a coupling bore 35e having two flat surfaces 
in parallel to each other, which extends axially from a 
base end (upper end in Fig. 2) of the shaft portion 35a 
to communicate to the ball housing recess 35d. The 
drive rotor 35 is linked with the motor shaft 6 without 
rotating relative to the motor shaft 6 in such a manner 
that the coupling projection 6a of the motor shaft 6 is 
coupled with the coupling bore 35e. The extending por- 
tion 35c is almost housed in the round hole 29c of the 
driven rotor29 and the ball 36, which partly exposes out 
of the end of the extending portion 35c, is in contact with 
a bottom of the round hole 29c. 

[0036] As shown in Fig. 3, the drive rotor 35 is provid- 
ed on an end side (lowerside in Fig. 2) of the disk portion 
35b with a plurality (3 pieces) of fan shaped projections 
42 which extend radially and outwardly and protrude ax- 
ially from the end of the disk portion 35b at constant an- 
gular intervals (at predetermined angular positions). As 
shown in Fig. 5, each of the projections 42 has a large 
arc shaped surface, whose diameter is slightly smaller 
that that of the inner circumferential surface 31 d of the 
outer ring 31 a and is formed along the inner circumfer- 
ential surface31 d. That is, the projections 42 of the drive 
rotor 35 are able to axially pass through a center bore 
of the contacting portion 34a of the stopper 34. Each of 
the projections 42 has a fitting groove 42a (refer to Fig. 
5) extending radially from a radial inside thereof to a mid- 
dle part thereof. The projections 42 are placed between 
the respective engaging projections 29b of the driven 
rotor 29 and between the respective rollers (respective 
roller supports 33c) in the outer ring 31a. 
[0037] Rubber buffers 43 are fitted into and fixed to 
the respective fitting grooves 42a. Each of the buffer 43 
has a shock absorb portion 43a protruding radially and 
inwardly from the fitting groove 42a and extending in a 
circumferential direction thereof. A circumferential width 
of the shock absorb portion 43a, as shown in Fig. 5, is 
slightly larger than that of an inner circumferential sur- 
face of the projection 42. 

[0038] When the drive rotor 35 rotates counterclock- 
wise (an arrow Y direction in Fig. 5) to a certain position 
relative to the driven rotor 29, a one side surface 43b of 
the shock absorb portion 43a (on a counterclockwise 
side) comes in contact with a first buffer surface 29e of 
the engaging projection 29b on a clockwise and radially 
inner side thereof. When the drive rotor 35 rotates coun- 
terclockwise further from the certain position, a side sur- 
face 42b of the projection 42 on a counterclockwise and 
radially inner side thereof comes in contact with a first 
contacting surface 29f of the engaging projection 29b 
on a clockwise and radially outer side thereof. Since the 
shock absorb portion 43a is deformed in a circumferen- 
tial direction thereof, the drive rotor 35 may rotate coun- 
terclockwise further from the certain position (refer to 
Fig. 6). 

[0039] On the other hand, when the drive rotor 35 ro- 
tates clockwise (an arrow Z direction in Fig. 5) to a cer- 
tain position relative to the driven rotor 29, another side 
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surface 43c of the shock absorb portion 43a (on a clock- 
wise side) comes in contact with a second buffer surface 
29g of the engaging projection 29b on a counterclock- 
wise and radially inner side thereof. When the drive rotor 
35 rotates clockwise further from the certain position, 
another side surface 42c of the projection 42 on a clock- 
wise and radially inner side thereof comes in contact 
with a second contacting surface 29h of the engaging 
projection 29b on a counterclockwise and radially outer 
side thereof. Since the shock absorb portion 43a is de- 
formed in a circumferential direction thereof, the drive 
rotor 35 may rotate clockwise further from the certain 
position. 

[0040] As shown in Fig. 6, the roller 32 is located at a 
position corresponding to the center 41a of the control 
surface 41 in a state that the side surface 42b of the 
projection 42 contacts the first contacting surface 29f of 
the engaging projection 29b and a first pressing surface 
42d of the projection 29b on a counterclockwise and ra- 
dially outer side thereof contacts the roller support 33c. 
[0041] Further, the roller 32 is located at a position 
corresponding to the center 41a of the control surface 
41 in a state that the another side surface 42c of the 
projection 42 contacts the second contacting surface 
29h of the engaging projection 29b and a second press- 
ing surface 42e of the projection 29b on a clockwise and 
radially outer side thereof contacts the roller support 
33c. 

[0042] An operation of the motor 1 for the power win- 
dow system mentioned above is described below. 
[0043] When the motor body 2 is driven to rotate the 
motor shaft 6 in a counterclockwise direction (the arrow 
Y direction in Fig. 5), the drive rotor 35 (projections 42) 
rotates together with and in a same direction to the mo- 
tor shaft 6. Then, as shown in Fig. 6 : when the side sur- 
face 42b of the projection 42 contacts the first contacting 
surface 29f of the engaging projection 29b and the first 
pressing surface 42d of the projection 29b contacts the 
roller support 33c, the roller 32 is at a position (neutral 
position) corresponding to the center 41 a of the control 
surface 41 . 

[0044] As the one side surface 43b of the shock ab- 
sorb portion 43a contacts the first buffer surface 29e of 
the engaging projection 29b in advance before the side 
surface 42b of the projection 42 contacts the first con- 
tacting surface 29f , a shock on contacting is small. 
[0045] At the neutral position, the driven rotor 29 is 
rotatable relative to the collar 31 since the rollers 32 are 
not held between the control surfaces 41 of the engag- 
ing projections 29b and the inner circumferential surface 
31 d of the outer ring 31a. Accordingly, as the drive rotor 
35 further rotates counterclockwise, a rotating force of 
the drive rotor 35 is transmitted from the projections 42 
to the driven rotor 29 so that the driven rotor 29 rotates 
together with the drive rotor 35. At this time, the rollers 
receive a rotating force in the same direction (the arrow 
Y direction) from the first pressing surface 42d and move 
in the same direction. 
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[0046] To the contrary, when the motor shaft 6 rotates 
in a clockwise direction (The arrow Z direction in Fig. 5), 
the rollers 32 are at the neutral position similarly as men- 
tioned above. In this state, the driven rotor29 is rotatable 

5 relative to the collar 31 since the rollers 32 are not held 
between the control surfaces 41 of the engaging projec- 
tions 29b and the inner circumferential surface 31 d of 
the outer ring 31a. Accordingly, a rotating force of the 
drive rotor 35 is transmitted from the projections 42 to 

10 the driven rotor 29 so that the driven rotor 29 rotates 
together with the drive rotor 35. 

[0047] Then, the worm shaft 28 rotates together with 
the driven rotor 29 so that the worm wheel and the output 
shaft 25 rotates for closing or opening the window glass 

15 linked with the output shaft 25. 

[0048] On the other hand, when a load is applied to 
the output shaft 25 in a state that the motor 1 stops, the 
load causes the driven rotor 29 to rotate clockwise (the 
arrow Z direction in Fig. 5). As a result, each of the rollers 

20 32 is moved relative to the driven rotor 29 toward the 
end 41 b (the middle 41 d) of the control surface 41 of the 
engaging projection 29b. As shown in Fig. 7, when the 
roller 32 makes a relative movement up to the middle 
41 d, the roller 32 is held (rocked) between the control 

25 surface 41 and the inner circumferential surface 31 d of 
the outer ring 31a. As the outer ring 31a is fixed, further 
rotation of the driven rotor 29 is prevented without a fol- 
low rotation of the drive rotor 35. 

[0049] To the contrary, when the driven rotor 29 is ro- 
30 tated in a counterclockwise (the arrow Y direction in Fig. 
5), each of the rollers 32 is moved relative to the driven 
rotor 29 toward the end 41 c (the middle 41 d) of the con- 
trol surface 41 of the engaging projection 29b, since the 
drive rotor stops. Then, when the roller 32 makes a rel- 

35 ative movement up to the middle 41 d, the roller 32 is 
held (rocked) between the control surface 41 and the 
inner circumferential surface 31 d of the outer ring 31 a. 
As the outer ring 31 a is fixed, further rotation of the driv- 
en rotor 29 is prevented without a follow rotation of the 

40 drive rotor 35. 

[0050] As mentioned above, even if large load is ap- 
plied to the output shaft 25, the rotation of the driven 
rotor 29 is prevented. Accordingly, the window glass 
linked with the output shaft 25 is never opened or closed 

45 by its gravity or the load from outside. 

[0051] Further, as the clutch C has a slight clearance 
between an outer surface of the drive rotor 35 (the large 
arc surfaces of the projections) and the inner circumfer- 
ential surface 31 d of the outer ring 31 a, alignment gaps 

so (radial displacement and inclination) as to axes of the 
drive rotor 35, the collar 31 and the driven rotor 29 are 
allowed, if they fall within a given range. That is, the 
clutch C serves to allow a given amount of alignment 
gap (radial displacement and inclination) between the 

55 motor shaft 6 and the worm shaft 28. 

[0052] When an overload is applied to the output shaft 
25 during a driving operation of the motor 1 , a middle 
part of the worm shaft 28 receives a large bending force 
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in a perpendicular direction thereto (in an arrow X direc- 
tion in Fig. 1) so that the bending force together with a 
rotating force transmitted from the motor shaft 6 causes 
the worm shaft 28 to bend. As the bearing holding por- 
tion 21 p is formed to readily bend from a body of the 
gear housing 21 , the first bearing 22a and the bearing 
holding portion 21 p are inclined by following the bending 
of the worm shaft 28 so that a large f rictional force, which 
is concentrated locally, is not applied to an axial end of 
the first bearing 22a. 

[0053] Further, when a rotating force is applied to the 
output shaft 25 while the motor stops, the middle part of 
the worm shaft 28 receives a large bending force in a 
perpendicular direction thereto (in an arrow X direction 
in Fig. 1 ) which causes the worm shaft 28 to bend since 
a reverse rotation is prevented by the clutch C. As the 
bearing holding portion 21 p is formed to readily bend 
from a body of the gear housing 21 , the first bearing 22a 
and the bearing holding portion 21 p are inclined by fol- 
lowing the bending of the worm shaft 28 so that a large 
frictional force, which is concentrated locally, is not ap- 
plied to an axial end of the first bearing 22a. 
[0054] As mentioned above, in the motor according to 
the first embodiment, local frictional wear of the first 
bearing 22a is limited. Further, the gear housing 21 is 
prevented from deforming plastically to such an extent 
that a relative position between the worm shaft housing 
recess 21 h and the wheel housing recess 21i is 
changed. As a result, a motor efficiency reduction and 
a noise generation are prevented. 
[0055] Further, even if the worm shaft 28 and the bear- 
ing holding portion 21 p are bent and inclined within the 
given range mentioned above due to the overload ap- 
plied to the output shaft 25, the motor shaft 6 is not be 
bent and inclined. 



(Second embodiment) 

[0056] A motor according to a second embodiment is 
described with reference to Figs. 8 to 1 3B. The motor is 
composed of a motor body 51 , a speed reduction device 
52 and a clutch 53. The motor body 51 has a cylindrical 
yoke 54 having a bottom, bearings 55a and 55b that are 
fixed to the yoke 54, a motor shaft 56 rotatably held by 
the bearings 55a and 55b, and an armature fixed to the 
motor shaft 56. The motor shaft 56 is provided at an end 
thereof (an end on an opening end side of the yoke 4 
and shown on a right side in Fig. 8) with a coupling por- 
tion 56a whose cross section is formed in a letter D 
shape. 

[0057] The speed reduction device 52 is composed of 
a resin gear housing 21 whose end (left side end in Fig. 
8)is fastened by screws to the yoke 54, first and second 
bearings 59 and 60, a worm shaft 61 , a warm wheel 62 
and an output shaft 63. 

[0058] The gear housing 58 is provided with a worm 
shaft housing recess 64 extending in an axial direction 
of the motor shaft 56 from an end thereof (left side end 



in Fig. 8), and a wheel housing recess 65 that commu- 
nicates with a middle portion of the worm shaft housing 
recess 64 in a perpendicular direction to an axis thereof 
(on an upper side in Fig. 8). 
5 [0059] As shown in Fig. 10, the gear housing 58 is fur-, 
ther provided at an end (opening end) of the worm shaft 
housing recess 64 with a recess 66 whose inner diam- 
eter is larger than that of the worm shaft housing recess 
64. 

10 [0060] A bearing holding portion 67, which may be 
bent perpendicularly to an axis thereof, is formed to pro- 
trude out of the gear housing 58 into the recess 66 on 
a bottom side. The bearing holding portion 67, whose 
inner diameter is larger than that of the worm shaft nous- 
's ing recess 64 and whose outer diameter is smaller that 
an inner diameter of the recess 66, is formed in a cylin- 
drical shape to extend axialry until about a middle portion 
of the recess 66. An inside bottom surface 67a bridging 
an inner surface of the bearing holding portion 67 and 
20 an inner surface of the worm shaft housing recess 64 is 
located at a position more protruding in the recess 66 
than that an outer bottom surface bridging an outer sur- 
face of the bearing holding portion 67 and an inner sur- 
face of the recess 66. The bearing holding portion 67 is 
25 provided on an outer circumferential surface on a base 
side thereof (right side in Figs 8 and 10) with 8 pieces 
of ribs 68, which are arranged with at 45° constant an- 
gular intervals and connected with the inner surface of 
the recess 66. Each size of the ribs 68 is so decided that 
30 a bending amount of the bearing holding portion 67 in a 
perpendicular direction to an axis thereof shows a pre- 
determined value relative to a given value of bending 
load applied thereto. 

[0061] The bearing holding portion 67 is provided on 
35 an outer surface on a front-end side thereof with a ser- 
ration 69 having a plurality of nearly triangle teeth. 
[0062] The first bearing 59 : which is a cylindrical slid- 
ing bearing, is fitted into the bearing holding portion 67 
so that an end thereof (right side end in Figs. 8 and 10) 
40 j s in contact with the inner bottom surface 67a. An inner 
diameter of the first bearing 59 is smaller than that of 
the worm shaft housing recess 64. The second bearing 
60 is fitted into a bottom sidewall of the worm shaft hous- 
ing recess 64. 

45 [0063] The worm shaft 61 is provided on a middle part 
thereof with a worm 70 and is housed in the worm hous- 
ing recess 64. Opposite ends of the worm shaft 61 are 
rotatably held by the first and second bearings 59 and 
60. The worm shaft 61 is provide at an end thereof (left 

50 side in Fig. 8) with an engaging recess whose cross sec- 
tion is formed nearly in a square shape. 
[0064] The worm wheel 62 is in mesh with the worm 
70 and housed in the wheel housing recess 65 so as to 
rotate in an axial center thereof perpendicular to the 

55 worm shaft 61 (in a perpendicular direction to the draw- 
ing of Fig. 8). The output shaft 63 is connected to the 
worm wheel 62 so as to rotate coaxially with the worm 
wheel 62. 
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[0065] The motor shaft 56 is coupled via the clutch 53 
with the worm shaft 61 . The clutch 53, as shown in Fig. 
11 . has a clutch housing 71 , a drive rotor 72, a ball 73, 
driven rotor 74, a plurality of (3) rollers 72, and a ring 76. 
[0066] The drive rotor 72, which is made of resin, has 
a shaft portion 72a and a disk portion 72b whose diam- 
eter is larger than that of the shaft portion 72a. The drive 
rotor 72 is provided at a center thereof with a spherical 
shaft hole 72c and a coupling bore 72d whose cross sec- 
tion is formed in a letter D shape and which is adjacent 
to a base end (lower side in Fig . 1 1 ) of the spherical shaft 
hole 72c. The coupling portion 56a of the motor shaft 56 
is coupled with the coupling bore 72d, as shown in Fig. 
11 , without a relative rotation to the coupling bore 72d. 
The disk portion 72b is further provided adjacent to the 
coupling bore 72d with a tapered portion 72e whose di- 
ameter is larger toward an opening from which the motor 
shaft 56 (coupling portion 56a) is inserted into the cou- 
pling bore. 

[0067] The disk portion 72b is provided on a front side 
thereof (upper side in Fig. 1 1 ) with a plurality (3 pieces) 
of projections 81 , which extend along an outer circum- 
ferential surface thereof and in an axial direction thereof 
at constant angular intervals so that openings 83 are 
formed between the projections adjacent to each other. 
As shown in Fig. 12 : each of the projections 81 is pro- 
vided on an inner wall surface thereof (radially inner sur- 
face) with a protruding piece 81a protruding toward a 
center thereof so that a plurality of (3) fan shaped en- 
gaging grooves 82, which are positioned between the 
protruding pieces 81a adjacent to each other and com- 
municate with each other on center axial sides thereof, 
are formed at constant angular intervals. 
[0068] As shown fig. 11 , the ball 73, which is made of 
metal, is housed rotatably in the spherical shaft hole 72c 
not to drop out therefrom. 

[0069] The driven rotor 74 has a disk portion 74a and 
a fitting portion 74b whose cross section is formed in a 
square shape and which protrudes from a center thereof 
toward a front end thereof (upper side in Fig. 11). The 
fitting portion 74b, as shown in Fig. 10, is fixed to the 
engaging recess 61 a of the worm shaft 61 without a rel- 
ative rotation thereto. 

[0070] As shown in Fig. 12, the disk portion 74a is pro- 
vided with a plurality of (3 pieces) of fan shaped engage- 
ment projections 84 extending radially and outwardly at 
constant angular intervals. The engagement projections 

84 are rotatably housed in the engaging grooves 82. The 
driven rotor 74 is in a point contact with the ball 73 
housed in the spherical shaft hole 72c and a rotation 
thereof is smooth. 

[0071] Each of the engagement projections is provid- 
ed with a control surface 84a which is formed by cutting 
off straight an outer circumferential surface from oppo- 
site ends toward a center thereof so that a diameter of 
the center is shorter than the end thereof. 
[0072] The drive rotor 72 housing the driven rotor 74 
is housed rotatably in a clutch housing 71 with a slight 



clearance between an inner surface of the clutch hous- 
ing 71 and an outer surface thereof. 
[0073] As shown in Fig. 1 1 , the clutch housing 71 has 
a nearly cylindrical outer ring 71a and a bottom portion 
5 71b having a center hole 71 c at an axial center thereof. 
The shaft portion 72a of the drive rotor 72 is inserted 
rotatably into the center hole 71c. The outer ring 71a is 
provided at inner circumferential surface on an opening 
side thereof with a serration 71 d having a plurality of 
10 nearly triangle teeth groove. As shown in Fig. 10, the 
serration 69 of the bearing holding portion 67 is fitted 
into the serration 71 d until an end of the outer ring 71a 
on an opening side thereof comes in contact with the 
ribs 68. 

15 [0074] As shown in Fig. 12, rollers 75 are arranged in 
a space formed by an inner circumferential surface of 
the outer ring 71 a, respective first and second surfaces 
83a and 83b of the openings 83 and the control surfaces 
84a of the engagement projections 84. 
20 [0075] Each of the rollers 75 : which is a column, is 
arranged in such a manner that a center axis thereof is 
in parallel to that of the clutch 53. Each diameter of the 
rollers 75 is smaller than a distance between a center 
of the control surface 84a and the inner circumferential 
25 surface of the outer ring 71 a and is larger than a distance 
between an end of the control surface 84a and the inner 
circumferential surface of the outer ring 71a. The ring 
76 is arranged on a front end (upper side in Fig. 11) of 
the driven rotor 74. The ring 76, which is made of resin, 
30 is press fitted into the outer ring 71 a of the clutch housing 
71 so that axial movements of rollers 75 are restricted. 
[0076] As shown in Fig. 13A, when the drive rotor 72 
rotates in a direction shown by an arrow (clockwise), a 
side surface 84b (counterclockwise side) of theengage- 
35 ment projection 84 comes in contact with and is pressed 
by a side surface 81b (clockwise side) of the protruding 
piece 81a. To the contrary, when the drive rotor 72 ro- 
tates counterclockwise , another side surf ace 84c (clock- 
wise side) of the engagement projection 84 comes in 
40 contact with and is pressed by another side surface 81 c 
(counterclockwise side) of the protruding piece 81a. In 
cases mentioned above, as each of the rollers 75 is 
pushed by the opening 83 to locate at a position corre- 
sponding to a center of the control surface 84a, a rota- 
45 tion of the driven rotor 74 is not interrupted and the driv- 
en rotor 74 rotates together with the driven rotor 72. 
[0077] On the other hand, as shown in Fig 13B, when 
the driven rotor 74 rotates in a direction shown by an 
arrow (counterclockwise), each of the rollers 75 makes 
so a relative movement toward an end of the control sur- 
face 84a and held (rocked) between the control surface 
84a and the inner circumferential surface of the outer 
ring 71a. To the contrary, when the driven rotor 74 ro- 
tates, each of the rollers 75 makes a relative movement 
55 toward another end of the control surface 84a and held 
(rocked) between the control surface 84a and the inner 
circumferential surface of the outer ring 71a. Since the 
outer ring 71a is fixed to the speed reduction device 
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(bearing holding portion 67), further rotation of the driv- 
en rotor 74 is prevented without a follow rotation of the 
drive rotor 72. 

[0078] As the clutch 53 has a slight clearance be- 
tween the outer circumferential surface of the drive rotor 
and the inner circumferential surface of the clutch hous- 
ing 71 , a radial relative movement of the drive rotor 72 
to the clutch housing 71 within a given range (by a length 
of the clearance) is allowed. Further, since the coupling 
bore 72d has the tapered portion 72e, an inclination of 
the motor shaft 56 to a center axis of the coupling bore 
72d at a given angular range (by an inclination angle of 
the tapered portion 72e) is allowed. That is, the clutch 
53 serves to allow a given amount of alignment gap (ra- 
dial displacement and inclination) between the motor 
shaft 56 and the worm shaft 61 . 
[0079] With the motor mentioned above, when the 
motor body 51 is driven to rotate the motor shaft 56, a 
driving force is transmitted via the clutch 53 to the worm 
shaft 61 so that the worm shaft 61 rotates. Then, the 
worm wheel 62 rotates at a lower rotating speed and a 
higher torque than the wormwheel 61 . Accordingly, the 
output shaft 63 rotates to transmit the rotating force to 
an outside load according to the rotation of the worm 
wheel 62. 

[0080] When an overload is applied to the output shaft 
63 during a driving operation of the motor, a middle part 
of the worm shaft 61 receives a large bending force in 
a perpendicular direction thereto (in an arrow X direction 
in Fig. 8) so that the bending force together with a rotat- 
ing force transmitted from the motor shaft 56 causes the 
worm shaft 61 to bend. As the bearing holding portion 
67 is formed to readily bend from a body of the gear 
housing 58. the first bearing 59 and the bearing holding 
portion 67 are inclined by following the bending of the 
worm shaft 61 so that a large frictional force, which is 
concentrated locally, is not applied to an axial end of the 
first bearing 59. 

[0081] Further when a rotating force is applied to the 
output shaft 63 while the motor stops, the middle part of 
the worm shaft 61 receives a large bending force in a 
perpendicular direction thereto (in an arrow X direction 
in Fig. 8) which causes the worm shaft 61 to bend since 
a reverse rotation is prevented by the clutch 53. As the 
bearing holding portion 67 is formed to readily bend from 
a body of the gear housing 58, the first bearing 59 and 
the bearing holding portion 67 are inclined by following 
the bending of the worm shaft 61 so that a large frictional 
force, which is concentrated locally, is not applied to an 
axial end of the first bearing 59. 

[0082] As me ntioned above, in the motor according to 
the second embodiment, local frictional wear of the first 
bearing 59 is limited. Further, the gear housing 58 is pre- 
vented from deforming plastically to such an extent that 
a relative position between the worm shaft housing re- 
cess 64 and the wheel housing recess 65 is changed. 
As a result, a motor efficiency reduction and a noise gen- 
eration are prevented. 



[0083] Further, even if the worm shaft 61 andthe bear- 
ing holding portion 67 are bent and inclined within the 
given range mentioned above due to the overload ap- 
plied to the output shaft 63, the motor shaft 56 is not be 

5 bent and inclined due to the tapered surface 72e. 

[0084] Furthermore, as the inner surface of the bear- 
ing holding portion 67 holds the first bearing 59 and the 
outer surface of the bearing holding portion 67 is in an 
serration engagement with the clutch housing 71, the 

*o construction of the gear housing 58 is not complicated 
and an axial length of the motor becomes shorter. 
[0085] Since the clutch housing 71 is inserted into the 
bearing holding portion 67 until the end thereof comes 
in contact with the ribs 68, axial positioning of the clutch 

'5 53 is easy. 

[0086] Moreover, instead of engaging the serration 
71 d of the clutch housing 71 with the serration 69 formed 
at the outer circumferential surface of the bearing hold- 
ing portion 67, the clutch housing 71 may be held by a 
20 holding portion provided separately from the bearing 
holding portion 67 in the gear housing or the outer ring 
71 a of the cl utch housing 71 may be fitted into the recess 
66 of the gear housing. 

[0087] Further, instead of forming the bearing holding 
25 portion 21 p or 67 according to the first or second em- 
bodiment in the cylindrical shape, the bearing holding 
portion 21 p or 67 may be composed of a first and second 
holding pieces each of which has a shape formed by 
cutting a cylindrical body at 90° and which are arranged 
30 to face each other. 

(Third embodiment) 

[0088] A motor according to a third embodiment is de- 

35 scribed with reference to Figs. 14 to 20. The motor ac- 
cording to the third embodiment is similar to the motor 
according to the second embodiment. A difference is 
that, instead of the first and second bearings 59 and 60 
each having a through-hole whose diameter is axially 

40 constant, each of first and second bearings 1 80 and 1 90 
of the third embodiment has a through- hole provided 
with a cylindrical portion and a tapered portion adjacent 
to the cylindrical portion, as shown in Figs. 14 and 15. 
[0089] The first bearing 1 80 is a cylindrical oil retain- 

45 mg bearing made of porous sintered metal having bores 
in which lubricant oil is contained. As shown in Figs. 16 
to 18, the first bearing 180 has an axially extending 
through-hole 182. An inner circumferential surface 184 
of the through-hole 182 is composed of a cylindrical por- 

50 tion 1 86, whose diameter is axially constant, on an op- 
posite side of the worm 70 and a tapered portion 188, 
whose diameter is larger toward an opening end on a 
side of the worm 70, adjacent to the cylindrical portion 
186. 

55 [0090] The tapered portion 1 88 is constituted by first 
to third taper portions 188A, 188B and 188C, as shown 
in Fig. 16. Further, as shown in Fig. 17. taper angles 91 , 
62 and 9 3 of the first to third taper portions 1 88A, 1 88B 
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and 188C are larger toward the opening end. That is, a 
relation of 61 < 62 < 63 is satisfied. 
[0091] To connect smoothly the respective taper an- 
gles 6 1 , 62 and 63 form the cylindrical portion i 86 to- 
ward the first to third taper portions 188A, 188B and 
188C, respective boundary portions thereof are provid- 
ed with round surfaces. Further, as shown in Fig. 1 8, the 
inner circumferential surface 184 of the through-hole 
1 82 is provided with a finely finished surface 1 89 formed 
by partly filling up the bores. 

[0092] The second bearing 190, similar to the first 
bearing 180, is a cylindrical oil retaining bearing made 
of porous sintered metal having bores in which lubricant 
oil is contained. As shown in Figs. 1 9 and 20, the second 
bearing 190 has an axially extending through-hole 192. 
An inner circumferential surface 1 94 of the through-hole 
192 is composed of a cylindrical portion 196, whose di- 
ameter is axially constant on an opposite side of the 
worm 70 and a tapered portion 198, whose diameter is 
larger toward an opening end on a side of the worm 70, 
adjacent to the cylindrical portion 196. 
The tapered portion 1 98 is constituted by fourth to sixth 
taper portions 198A, 198B and 198C, as shown in Fig. 
1 9. Further, as shown in Fig. 20, taper angles 64, 65 and 
6 6 of the fourth to sixth taper portions 1 98A, 1 98B and 
198C are larger toward the opening end. That is, a re- 
lation of 64 < 65 < 66 is satisfied. 

[0093] Further, the inner circumferential surface 194 
of the through-hole 192 is provided with a finely finished 
surface 1 99, similar to the finished surface 1 89, formed 
by partly filling up the bores. 

[0094] In the motor having the first and second bear- 
ings 1 0 and 1 90, when an overload is applied to the out- 
put shaft 63 during a driving operation of the motor, a 
middle part of the worm shaft 61 receives a large bend- 
ing force in a perpendicular direction thereto (in an arrow 
X direction in Fig. 14) so that the bending force together 
with a rotating force transmitted from the motor shaft 56 
causes the worm shaft 61 to bend. 
[0095] As the first and second bearing 1 80 and 1 90, 
which rotatably hold the worm shaft 61 , have the cylin- 
drical portions 1 86 and 1 96 and the tapered portions 1 88 
and 198 whose taper angles are larger gradually toward 
the worm 70, axial inner surfaces of the first and second 
bearing 1 80 and 1 90 actually in contact with the worm 
shaft 61 extends up to the tapered portions 1 88 and 1 98 
to follow approximately a bending shape of the worm 
shaft 61 so that axially widespreading face contacts with 
the worm shaft 61 are maintained. 
[0096] At this time, the worm shaft 61 is mainly in sl- 
idable contact with the finely finished surfaces 189 and 
199 of the first and second bearings 180 and 190, 
against which the worm shaft 61 is pushed due to the 
bending thereof. Accordingly, local f rictional wear of the 
bearings 1 80 and 1 90 are limited, and a motor efficiency 
reduction and a noise generation are also prevented. 
[0097] Further, the bearing holding portion 67 may be 
designed to incline a certain angle together with first 



bearing 180, as mentioned in the second embodiment, 
or not to incline by adjusting the size or the strength of 
the ribs 68. If the bearing holding portion 67 inclines the 
certain angle, an axial length of the tapered portion 188 
5 of the first bearing 1 80 in actual contact with the worm, 
shaft 61 becomes shorter. 

[0098] In a motor having a motor body (2) and a speed 
reduction devise (3) composed of gear housing (21), a 
worm wheel (24), worm shaft (28) with a worm (28a), 
10 and first and second bearings (22a&22b) rotatably sup- 
porting the worm shaft on opposite sides of the worm, 
the first bearing on a side of the motor body inclines a 
given angle to a bending side of the worm shaft, when 
the worm shaft is bent by an overload transmitted there- 
is to via the worm wheel. Accordingly, a locally concentrat- 
ed frictional wear of the bearing is reduced. 
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Claims 

1. A motor having a speed reduction device compris- 
ing; 

a motor body (2, 51) having a motor shaft (6, 

56) for generating a driving force; 

a speed reduction device (3, 52) having 



a gear housing (21 , 58), 
a worm shaft (28, 61) housed in the gear 
30 housing, 

the worm shaft being provided with a worm 
(28a, 70), 

35 a worm wheel (24, 62) housed in the gear 

housing and in mesh with the worm, and 
first and second bearings (22a&22b, 
59&60 ; 180&190)provided in the housing, 
axial inner surfaces of the first and second 

40 bearings being in contact with and holding 

rotatably the worm shaft on opposite sides 
of the worm ; and 

a coupling device (C,53)coupling an end of the 
45 motor shaft with an end of the worm shaft on a 

side of the first bearing for transmitting the driv- 
ing force from the motor shaft via the worm 
shaft to the worm wheel, 
wherein, when the worm shaft is bent by an 
so overload transmitted thereto via the worm 

wheel, the axial inner surface of the first bearing 
maintains an axiaiiy widespreading face con- 
tact with the worm shaft in at least one of a man- 
ner that, to follow the bending of the worm shaft, 
55 the first bearing inclines a given angle to a 

bending side of the worm shaft and a manner 
that the axial inner surface of the first bearing 
is formed in a shape of approximately following 
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a bending shape of the worm shaft and actually 
comes in contact with the worm shaft at posi- 
tions more extending axially toward the worm. 

A motor according to claim 1 , wherein the gear 5 
housing has a bearing holding portion (21 p, 67) pro- 
truding outwardly therefrom to an extent that the 
bearing holding portion readily inclines along with 
the first bearing fixed thereto in order to follow the 
bending of the worm shaft. w 

Amotor according to claim 2, wherein the coupling 
portion has a coupling bore (72d) and a tapered 
bore (72e) axially adjacent to the coupling bore, a 
diameter of the tapered bore being largertoward an is 
opposite end to the coupling bore from which the 
motor shaft is inserted into the coupling bore, and, 
further, wherein, when the coupling portion inclines 
a given angle from an axis of the motor shaft along 
with the bearing holding portion and the first bear- 20 
ing, the motor shaft comes in contact with an inner 
surface of the tapered bore. 

Amotor according to claim 2, wherein the coupling 
portion comprises; 25 

a drive rotor (35) into which the end of the motor 
shaft is fitted, a driven rotor (29) which is con- 
nected to the end of the worm shaft and is cou- 
pled with the drive rotor, and 30 
a coupling housing (21) in which the drive and 
driven rotors are housed and which is fixed to 
the gear housing and, further, 
wherein the bearing holding portion is elastical- 
ly deformable so as to incline more than the 35 
coupling housing to follow the bending of the 
worm shaft. 

A motor according to claim 2, wherein the coupling 
portion comprises; 40 

a drive rotor (72) having a coupling bore (72d) 
and a tapered bore (72e) axially adjacent to the 
coupling bore, a diameter of the tapered bore 
being larger toward an opposite end to the cou- 45 
pling bore from which the motor shaft is inserted 
into the coupling bore, 

a driven rotor (74) which is connected to the end 
of the worm shaft and is coupled with the drive 
rotor, and so 
a coupling housing (71) in which the drive and 
driven rotors are housed and which is fixed to 
the gear housing so that the inclination of the 
bearing holding portion for following the bend- 
ing of the worm shaft causes the coupling hous- 55 
ing and the drive and driven rotors to incline and 
the motor shaft comes in contact with an inner 
surface of the tapered bore. 



6. A motor according to claim 5, wherein the bearing 
holding portion is formed in a cylinder shape, the 
first bearing being fitted into an inner circumferential 
surface of the bearing holding portion and the cou- 
pling housing being fitted into an outer circumferen- 
tial surface of the bearing holding portion. 

7. Amotor according to claim 6, wherein the bearing 
holding portion is provided at the outer circumfer- 
ential surface thereof on a side of the gear housing 
with a plurality of ribs (68) at constant angular inter- 
vals and an axial end of the coupling housing is in 
contact with the ribs. 

8. A motor according to any one of claims 1 to 7, 
wherein the first bearing is provided with a first cy- 
lindrical inner circumferential portion (186) whose 
inner diameter is axially constant and a first tapered 
inner circumferential portion (1 88) axially adjacent 
to the first cylindrical inner circumferential portion 
on a side of the worm, an inner diameter of the first 
tapered inner circumferential portion is larger to- 
ward an opposite side to the first cylindrical inner 
circumferential portion, and, further, wherein the ax- 
ial inner surface of the first bearing actually in con- 
tact with the worm shaft is normally the first cylin- 
drical inner circumferential portion and, when the 
worm shaft is bent, extends up to at least a part of 
the first tapered inner circumferential portion. 

9. Amotor according to claim 8, wherein the second 
bearing is provided with a second cylindrical inner 
circumferential portion (196) whose inner diameter 
is axially constant and a second tapered inner cir- 
cumferential portion (198) axially adjacent to the 
second cylindrical inner circumferential portion on 
a side of the worm, an inner diameter of the second 
tapered inner circumferential portion is larger to- 
ward an opposite side to the second cylindrical in- 
ner circumferential portion , and, further, wherein the 
axial inner surface of the second bearing actually in 
contact with the worm shaft is normally the second 
cylindrical inner circumferential portion and, when 
the worm shaft is bent, extends up to at least a part 
of the second tapered inner circumferential portion 
to maintain an axially widespreading face contact 
with the worm shaft. 

10. A motor according to any one of claims 1 to 9, 
wherein the coupling device has a clutch mecha- 
nism (C, 53) in which a rotating force of the motor 
shaft is transmitted to the worm shaft and a rotation 
of the worm wheel is not transmitted in reverse to 
the motor shaft. 

11. A motor according to claim 8, wherein an inclination 
angle of the first tapered inner circumferential por- 
tion is continuously or stepwise changed toward the 
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opposite side to the first cylindrical inner circumfer- 
ential portion. 

1 2. Amotor according to claim 9, wherein inclination an- 
gles of the first and second tapered inner circumfer- 5 
ential portions are continuously or stepwise 
changed toward the opposite sides to the first and 
second cylindrical inner circumferential portions, re- 
spectively. 

10 

13. A motor according to any one of claims 1 to 12, 
wherein the motor shaft and the worm shaft are cou- 
pled with each other in the coupling device to have 
a radial slight clearance within which the worm shaft 

is allowed to incline a given angle to an axial direc- 15 
lion of the motor shaft 
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